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(57) ABSTRACT 

In a method of manufacturing a photoelectric conversion 
device having a pixel region and a peripheral circuit region, a 
semiconductor compound layer is formed by causing a Sur 
face of a diffusion layer orgate electrode of a MOS transistor 
in the peripheral circuit region to react with a high melting 
point metal, then an insulating layer is formed in the pixel 
region and the peripheral circuit region after the step of form 
ing a semiconductor compound layer. A contact hole is 
formed in the insulating layer to expose a diffusion layer in 
the pixel region, and a contact hole is formed in the insulating 
layer to expose the semiconductor compound layer formed in 
the peripheral circuit region. These holes are formed at dif 
ferent timings. Prior to forming the hole which is formed 
later, a contact plug is formed in the contact hole which is 
formed earlier. 

27 Claims, 12 Drawing Sheets 
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1. 

METHOD OF MANUFACTURING 
PHOTOELECTRC CONVERSION DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of U.S. application Ser. 
No. 12/792,844 filed on Jun. 3, 2010, the entire disclosure of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates a method of manufacturing 

photoelectric conversion device, and more particularly to a 
technique of forming a contact hole in a process of manufac 
turing a photoelectric conversion device. 

2. Description of the Related Art 
In recent years, lower-cost digital cameras and digital 

Video cameras with higher image qualities have prevailed 
thanks to advanced photoelectric conversion devices. Photo 
electric conversion devices are classified into the CCD type, 
MOS type, and the like. A MOS photoelectric conversion 
device includes a pixel region and a peripheral circuit region. 
The pixel region includes a photoelectric conversion unit, a 
transfer transistor and an amplifying transistor. The periph 
eral circuit region includes a MOS transistor and processes a 
signal output from the pixel region and drives the photoelec 
tric conversion device. The pixel region and peripheral circuit 
region can be manufactured in a common step by the CMOS 
manufacturing process. 
The MOS transistor can operate quickly by adopting a 

salicide (to be referred to as a “silicide layer') structure in 
which a semiconductor compound of a high melting point 
metal is selectively formed on the source, drain, and gate 
electrode of the MOS transistor in the peripheral circuit 
region. However, the use of the silicide layer for the photo 
electric conversion unit in the pixel region increases the leak 
age current of the photoelectric conversion unit, degrading 
the photoelectric conversion characteristic. 

Japanese Patent Laid-OpenNo. 2001-11 1022 discloses an 
arrangement in which the salicide structure is used only in the 
peripheral circuit region to Suppress the leakage current of the 
photoelectric conversion unit. 

In some conventional active pixel Solid-state image sensing 
devices typified by a CMOS image sensor, pixels have a 
global electronic shutter function to make the start times and 
end times of photo charge accumulation coincide with each 
other in a plurality of pixels arrayed in matrix. 

To implement a solid-state image sensing device having 
the global electronic shutter function, the pixel region 
requires a photoelectric conversion unit which performs pho 
toelectric conversion, and a charge holding unit which holds 
charges generated in the photoelectric conversion unit for a 
certain period. The charge holding unit holds charges till 
reading after the end of accumulation in a given pixel. Iflight 
enters the charge holding unit and charges are generated by 
photoelectric conversion at the P-N junction adjacent to the 
charge holding unit, the charges act as light leakage noise, 
degrading the image quality. 

To solve this problem, Japanese Patent Laid-Open No. 
2007-294531 discloses an arrangement in which a light 
shielding film is formed to shield the charge holding unit from 
light without shielding the photoelectric conversion unit from 
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2 
light. The light-shielding film prevents light from entering the 
charge holding unit, thereby suppressing degradation of the 
image quality. 

SUMMARY OF THE INVENTION 

In Japanese Patent Laid-Open No. 2001-11 1022, a pixel 
region having no silicide layer and a peripheral circuit region 
having a silicide layer are formed. Then, an insulating layer 
and contact holes are formed. At this time, the inventors have 
found that the following problem arises in etching for forming 
contact holes in the pixel region and peripheral circuit region. 
Specifically, there is a possibility that a high melting point 
metal scatters from the silicide layer at the bottom of the 
peripheral circuit region, and contaminates the inside of the 
contact hole and the photodiode in the pixel region. The 
contamination of the inside of the contact hole and the pho 
todiode in the pixel region increases the leakage current in the 
pixel region, resulting in a poor photoelectric conversion 
characteristic. 
The light-shielding film which shields the charge holding 

unit from light is generally formed using a metal film of 
tungsten, tungsten silicide, or the like in terms of the light 
reflection characteristic. The light-shielding film is formed 
from such a metal film to shield the charge holding unit from 
light. Subsequently, an interlayer dielectric film is formed. 
Then, etching is done to form contact holes on the light 
shielding film, a diffusion layer, and a gate electrode. Con 
ventionally, these contact holes are formed in the same step. 
In etching, the metal scatters from the light-shielding film 
made of the metal film. The metal may contaminate the inside 
of the contact hole on the diffusion layer and further contami 
nate the photodiode. If the photodiode is contaminated with 
the metal, for example, the leakage current increases, degrad 
ing the image quality. 
The present invention has been made in consideration of 

the above situation, and reduces contamination of a photo 
electric conversion unit with a metal or high melting point 
metal when forming a contact hole in a photoelectric conver 
sion device. 

According to the present invention, provided is a method of 
manufacturing a photoelectric conversion device having a 
pixel region and a peripheral circuit region, the method com 
prising: a step of forming a semiconductor compound layer 
by causing a surface of a diffusion layer orgate electrode of a 
MOS transistor in the peripheral circuit region to react with a 
high melting point metal; a step of forming an insulating layer 
in the pixel region and the peripheral circuit region after the 
step of forming a semiconductor compound layer, a first 
contact hole formation step of forming a contact hole in the 
insulating layer to expose a diffusion layer in the pixel region; 
a second contact hole formation step of forming a contact hole 
in the insulating layer to expose the semiconductor com 
pound layer formed in the peripheral circuit region, the sec 
ond contact hole formation step being executed at a timing 
different from a timing of the first contact hole formation step: 
and a step of forming, prior to a step executed later out of the 
first contact hole formation step and the second contact hole 
formation step, a contact plug in the contact hole formed in a 
step executed first. 

Further, according to the present invention, provided is a 
method of manufacturing a photoelectric conversion device 
including a pixel having a photoelectric conversion unit, a 
charge holding unit which holds charges converted by the 
photoelectric conversion unit, and a MOS transistor for read 
ing out the charges, the method comprising: a step of forming 
a light-shielding film which shields the charge holding unit 
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from light without shielding the photoelectric conversion unit 
from light; a step of forming an insulating layer to cover the 
pixel after the step of forming a light-shielding film; a first 
contact hole formation step of forming contact holes in the 
insulating layer to expose Surfaces of a diffusion layer and 
gate electrode of the MOS transistor of the pixel; a second 
contact hole formation step of forming a contact hole in the 
insulating layer to expose the light-shielding film, the second 
contact hole formation step being executed at a timing differ 
ent from a timing of the first contact hole formation step; and 
a step of forming, prior to a step executed later out of the first 
contact hole formation step and the second contact hole for 
mation step, a contact plug in the contact hole formed in a step 
executed first. 

Furthermore, according to the present invention, provided 
is a method of manufacturing a photoelectric conversion 
device having a photoelectric conversion unit and a plurality 
of MOS transistors for reading out charges converted by the 
photoelectric conversion unit, the method comprising: a step 
of forming a semiconductor compound layer by causing Sur 
faces of diffusion layers or gate electrodes of some MOS 
transistors of the plurality of MOS transistors to react with a 
high melting point metal to form semiconductor compound 
layers on the Some MOS transistors; a step of forming an 
insulating layer to cover the photoelectric conversion unit and 
the plurality of MOS transistors after the step of forming a 
semiconductor compound layer; a first contact hole formation 
step of forming contact holes in the insulating layer to expose 
diffusion layers orgate electrodes of MOS transistors having 
no semiconductor compound layer out of the plurality of 
MOS transistors; a second contact hole formation step of 
forming contact holes in the insulating layer to expose the 
semiconductor compound layers of the some MOS transis 
tors, the second contact hole formation step being executed at 
a timing different from a timing of the first contact hole 
formation step; and a step of forming, prior to a step executed 
later out of the first contact hole formation step and the second 
contact hole formation step, contact plugs in the contact holes 
formed in a step executed first. 

Further features of the present invention will become 
apparent from the following description of exemplary 
embodiments (with reference to the attached drawings). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1Jare sectional views for explaining a method 
of manufacturing a photoelectric conversion device accord 
ing to a first embodiment; 

FIGS. 2A to 2C are sectional views for explaining a method 
of manufacturing a photoelectric conversion device accord 
ing to a second embodiment; 

FIG. 3 is a schematic view showing the two-dimensional 
layout of a pixel unit of a photoelectric conversion device 
according to third and fourth embodiments; 

FIG. 4 is a sectional view showing the photoelectric con 
version device according to the third and fourth embodi 
ments; 

FIGS. 5A to 5F are sectional views showing a method of 
manufacturing a photoelectric conversion device according 
to the third embodiment; 

FIGS. 6A and 6B are sectional views showing a method of 
manufacturing a photoelectric conversion device according 
to the fourth embodiment; and 

FIGS. 7A to 7D are sectional views showing a method of 
manufacturing a photoelectric conversion device according 
to a fifth embodiment. 
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4 
DESCRIPTION OF THE EMBODIMENTS 

Preferred embodiments of the present invention will be 
described in detail in accordance with the accompanying 
drawings. 

First Embodiment 

FIGS. 1A to 1J are sectional views of the pixel region and 
peripheral circuit region of a photoelectric conversion device 
for explaining a method of manufacturing a photoelectric 
conversion device according to the first embodiment of the 
present invention. The first embodiment is directed to a struc 
ture in which the peripheral circuit region has a high melting 
point metal compound layer (silicide layer). The first embodi 
ment will describe a CMOS photoelectric conversion device, 
but the type of photoelectric conversion device is not limited 
to this. 

In FIG. 1A, a plurality of pixels are arranged in a pixel 
region 101. Each pixel includes the charge accumulation 
region of a photodiode serving as a photoelectric conversion 
unit, and a MOS transistor for transferring charges generated 
in the photoelectric conversion unit. A peripheral circuit 
region 102 includes a MOS transistor, and processes a signal 
output from the pixel region 101 and drives to read out a signal 
from the pixel region. FIG. 1A shows a part of the pixel region 
101 and a part of the peripheral circuit region 102. As for the 
pixel region 101, a part of one pixel is illustrated, and as for 
the peripheral circuit region 102, one MOS transistor is illus 
trated in FIG. 1A. The pixel region and peripheral circuit 
region can be manufactured in a single semiconductor sub 
strate in a common step by the CMOS manufacturing process. 
In the embodiment, the charge is electrons. 
A semiconductor Substrate 100 is, for example, a single 

crystal silicon Substrate including an n-type semiconductor 
region. Reference numeral 104 denotes an element isolation; 
106, a pixel region well; 105, a charge accumulation region of 
the photodiode that is formed from an n-type semiconductor. 
Reference numeral 109 denotes a gate electrode of a transfer 
MOS transistor in the pixel region 101: 107, a p-type semi 
conductor layer of the photodiode on the surface of the pho 
todiode. Reference numerals 110 denote gate electrodes of 
MOS transistors in the pixel region 101 and peripheral circuit 
region 102. The pixel region well 106 is optimized appropri 
ately inaccordance with the photodiode characteristics, so the 
junction depth, the impurity concentration, and the like are 
arbitrarily set. The semiconductor substrate 100 may be a 
Substrate of another type or an epitaxial layer formed on a 
Substrate, instead of the single crystal silicon Substrate. 
An n-type semiconductor layer (floating diffusion layer) 

103 holds electrons transferred from the charge accumulation 
region 105. The n-type semiconductor layer 103 forms the 
transfer MOS transistor together with the charge accumula 
tion region 105 and gate electrode 109. Reference numerals 
111 denote source/drain regions of an n-type MOS transistor 
formed in the pixel region 101, and source/drain regions of an 
n-type MOS transistor formed in the peripheral circuit region 
102. Reference numeral 108 denotes a p-well region in the 
peripheral circuit region 102. Note that the peripheral circuit 
region 102 may have an n-well region where a p-type MOS 
transistor can be arranged, in addition to the p-well region. 
MOS transistors formed in the pixel region 101 are, for 
example, a transfer MOS transistor for transferring charges, 
and an amplification MOS transistor for amplifying and out 
putting charges. MOS transistors formed in the peripheral 
circuit region 102 are those which form a driving circuit for 
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driving MOS transistors in the pixel region 101, and a signal 
processing circuit for processing a signal. 
As shown in FIG.1B, an insulating film layer 112 is formed 

from one or a combination of a silicon nitride film, silicon 
oxide film, and silicon oxynitride film. As shown in FIG. 1C, 
the insulating film layer 112 is removed mainly from the 
peripheral circuit region 102 by photolithography and dry 
etching, forming an insulating film layer 113 in the pixel 
region. At this time, in the peripheral circuit region 102, the 
insulating film layer 112 remains on the gate side walls of the 
MOS transistor and serves as side spacers 114 for the LDD 
Structure. 

After that, as shown in FIG. 1D, heavily doped n-type 
semiconductor regions 116 (diffusion layers) are formed in 
the source/drain regions of the MOS transistor in the periph 
eral circuit region 102, forming a MOS transistor having the 
LDD structure. In the first embodiment, the n-type semicon 
ductor regions 116 are not formed in the source/drain regions 
of the MOS transistor in the pixel region 101 because of the 
presence of the insulating film layer 113. 

Next, an insulating film Such as a silicon nitride film, sili 
con oxide film, or silicon oxynitride film is first formed by 
CVD, PVD or the like. Then, as shown in FIG. 1E, the 
insulating film is selectively removed from the peripheral 
circuit region 102 while leaving it only in the pixel region 101, 
thereby forming a semiconductor compound blocking layer 
117 of a high melting point metal. At this time, the semicon 
ductor compound blocking layer 117 may be left in a part of 
the peripheral circuit region 102 to form a high-resistance 
region 115. The high-resistance region 115 is a resistance 
element. In this region, it is desirable not to form a silicide 
layer because the formation of the silicide layer decreases the 
resistance. 
As shown in FIG. 1F, a multilayered film 118 of cobalt 

serving as a high melting point metal and titanium nitride 
serving as an antioxidant film for the high melting point metal 
is deposited by CVD, sputtering, or the like. Examples of the 
high melting point metal are titanium, nickel, tungsten, 
molybdenum, tantalum, chrome, palladium, and platinum, in 
addition to cobalt. Other materials of the antioxidant film for 
the high melting point metal are nickel and titanium, in addi 
tion to titanium nitride. 

In FIG. 1G, the multilayered film 118 serving as the high 
melting point metal film is annealed to cause the high melting 
point metal, to react with silicon which forms the gate elec 
trode, source, and drain of the MOS transistor in the periph 
eral circuit region 102 (silicidation). As a result, the silicide 
layer of the high melting point metal (semiconductor com 
pound layer of the high melting point metal) is formed on the 
source, drain, and gate electrode of the MOS transistor in the 
peripheral circuit region 102. Examples of the semiconductor 
compound of the high melting point metal are titanium sili 
cide, nickel silicide, cobalt silicide, tungsten silicide, molyb 
denum silicide, tantalum silicide, chrome silicide, palladium 
silicide, and platinum silicide. At this time, in the region 
where the semiconductor compound blocking layer 117 
described with reference to FIG.1E is arranged, this layer acts 
as a silicidation blocking layer and no high melting point 
metal silicide layer is formed. Similarly, no high melting 
point metal silicide layer is formed in the high-resistance 
region 115. Thereafter, the multilayered film 118 containing 
an unreacted high melting point metal is removed by dipping 
it into an acid solution. Accordingly, silicide layers 119 can be 
formed at desired portions in the peripheral circuit region 
102, as shown in FIG. 1G. 
As shown in FIG. 1H, an insulating layer 120 is formed 

from a silicon oxide film or a boron- orphosphorous-contain 
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6 
ing silicon oxide film, for example. The insulating layer 120 
functions as an interlayer dielectric film. In only the unsili 
cidized pixel region 101, contact holes are formed in the 
insulating layer 120 using photolithography and etching. A 
single- or multi-layered metal film is deposited by CVD or the 
like, and an unnecessary metal film is removed by CMP or the 
like, forming contact plugs 121. Before forming the contact 
plugs 121, an impurity may be doped (ion implantation) into 
the well via a desired contact hole to form an impurity region 
122, which can stabilize the contact resistance. After forming 
the contact holes, their insides may be cleaned with an acid or 
alkali Solution Such as hydrofluoric acid or ammonia hydro 
gen peroxide mixture before forming the contact plugs 121. 
The insides of the contact holes are preferably cleaned after 
doping an impurity into the contact holes. This realizes to 
reduce contamination of a semi-conductor Substrate with 
metal or high melting point metal. 
As shown in FIG. 1I, after the contact plugs 121 are formed 

in the pixel region 101, contact holes 126 are formed in the 
insulating layer 120 in the peripheral circuit region 102 simi 
larly using photolithography and etching. As shown in FIG. 
1J, contact plugs 123 are formed by the same method as that 
in the pixel region 101. Finally, a wiring layer 124 is formed 
from a metal Such as aluminum or copper in the pixel region 
and the peripheral circuit region. After that, an insulating 
layer, via plug, and wiring layer may also be formed. A color 
filter and microlens are formed, completing a photoelectric 
conversion device (not shown). 

In the manufacturing method described with reference to 
FIGS. 1A to 1J, if the silicide layer is formed in the peripheral 
circuit region, the step of forming contact holes in the pixel 
region, and the step of forming contact holes in the peripheral 
circuit region are executed at different timings as different 
steps. When forming contact holes in the peripheral circuit 
region, contact holes in the pixel region can be filled with 
contact plugs. This can prevent contamination of the pixel 
region with a metal scattering from the silicide layer in the 
peripheral circuit region. Hence, the photoelectric conversion 
device can be manufactured without degrading the pixel char 
acteristics. 

In the manufacturing method of the embodiment, no sili 
cide layer is exposed when forming contact holes in the pixel 
region. Thus, the bottoms of the contact holes in the pixel 
region can be cleaned, obtaining a sufficient contact resis 
tance. In the peripheral region, that is, the contact hole 
through which the silicide layer is exposed, a contact plug can 
be connected satisfactorily, so no impurity need be doped. It 
is preferable not to clean the inside of the contact hole through 
which the silicide layer is exposed, in order to Suppress dam 
age to the silicide layer. 

In the above-described first embodiment, contact holes are 
formed first in the pixel region 101. Alternatively, contact 
holes may beformed first in the peripheral circuit region 102. 
In this case, the same effects as those described above can be 
obtained by forming contact plugs in the contact holes in the 
peripheral circuit region 102 prior to forming contact holes in 
the pixel region 101. 

Second Embodiment 

A method of manufacturing a photoelectric conversion 
device in the second embodiment will be explained with 
reference to FIGS. 1G, 1J, and 2A to 2C. In the manufacturing 
method of the second embodiment, contact holes are formed 
in a pixel region 101, and then contact holes are formed in a 
peripheral circuit region 102 without forming contact plugs. 
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A description of the same structure and manufacturing steps 
as those in the first embodiment will not be repeated. 
The second embodiment is characterized by processing 

after silicidizing silicon which forms the gate electrode and 
source/drain regions of a MOS transistor in the peripheral 
circuit region 102 in FIG. 1G. After FIG.1G, for example, an 
insulating layer 120 is formed from a silicon oxide film or a 
boron- or phosphorous-containing silicon oxide film, as 
shown in FIG. 2A. In only the unsilicidized pixel region 101, 
contact holes 125 are formed. At this time, before forming 
contact plugs, an impurity may be doped into a desired con 
tact hole 125 to form an impurity region 122, similar to the 
first embodiment. After forming the contact holes 125 in the 
pixel region 101, their bottoms may be cleaned with an acidor 
alkali Solution Such as hydrofluoric acid or ammonia hydro 
gen peroxide mixture. 
As shown in FIG. 2B, contact holes 126 are formed in the 

insulating layer 120 in the peripheral circuit region 102 using 
a photoresist 127 (photoresist pattern) as a mask. Then, as 
shown in FIG. 2C, the photoresist pattern is removed. Finally, 
a metal film is deposited by CVD or the like, contact plugs 
121 and 123 are formed by CMP or the like, and a wiring layer 
124 is formed from a metal such as aluminum or copper (FIG. 
1J). 
As described above, the second embodiment can shorten 

the process because contact plugs are formed at once after 
forming contact holes in the pixel region 101 and peripheral 
circuit region 102. In the second embodiment, when forming 
the contact holes 126 in the peripheral circuit region, the 
contact holes 125 in the pixel region are filled by applying a 
mask material Such as a photoresist. This can prevent con 
tamination of the pixel region with a high melting point metal 
from the silicide layer. A dark current and point defects can 
therefore be reduced. 

In the second embodiment described above, contact holes 
are formed first in the pixel region 101. Alternatively, contact 
holes may beformed first in the peripheral circuit region 102. 
In this case, the same effects as those described above can be 
obtained by filling contact holes in the peripheral circuit 
region 102 with a photoresist prior to forming contact holes in 
the pixel region 101. 

The present invention is not limited to the first and second 
embodiments. For example, the semiconductor compound 
blocking layer 117 is used in the first and second embodi 
ments. Instead, the insulating film layer 112 may be left in an 
arbitrary location, for example, the high-resistance region in 
the peripheral circuit region 102 without using the semicon 
ductor compound blocking layer 117. That is, the insulating 
film layer 112 is also usable as the semiconductor compound 
blocking layer which blocks formation of a silicide layer. 

Third Embodiment 

The third embodiment is directed to a CMOS photoelectric 
conversion device having an electronic shutter function, that 
is, having a charge holding unit. FIG. 3 is a schematic view 
showing the two-dimensional layout of the unit pixel of a 
photoelectric conversion device in the third embodiment. In 
FIG. 3, a charge holding unit 204 holds charges converted by 
a photoelectric conversion unit 203 for a certain period. A 
control electrode 206 is arranged on the charge holding unit 
204 and controls the potential of the charge holding unit 204. 
The control electrode 206 can control charge transfer from the 
photoelectric conversion unit 203 to the charge holding unit 
204. Reference numeral 1207 denotes a gate electrode of a 
transfer MOS transistor which transfers charges from the 
charge holding unit 204 to a floating diffusion unit 1203. A 
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8 
reset MOS transistor 1204 initializes the voltage of the float 
ing diffusion unit 1203. An amplification MOS transistor 
1205 forms a source follower circuit for reading out the 
voltage of the floating diffusion unit 1203. These constituent 
elements are formed on a semiconductor Substrate. 
A light-shielding film 209 is formed to have an opening 

above the photoelectric conversion unit 203 and shield the 
upper portion of the charge holding unit 204 from light. The 
material of the light-shielding film 209 is a metal or metal 
silicide such as tungsten or tungsten silicide. Contact plugs 
for connecting to a wiring layer (not shown) are arranged on 
an insulating layer. The insulating layer is formed on the 
foregoing elements and serves as an interlayer dielectric 
layer. And the wiring layer is arranged on the insulating layer. 
In the following description, attention will be paid to a light 
shielding film contact plug 213, gate electrode contact plug 
212, and diffusion layer contact plug 211. The diffusion lay 
ers are impurity regions including the source/drain regions of 
a MOS transistor and a well contact region for Supplying the 
potentials of the semiconductor Substrate and well. The gate 
electrode contact plugs include even contacts on a wiring 
layer, resistance element, and the like formed in the same step 
(same layer) as that of the gate electrode. It should be noted 
that a contact to the control electrode 206 is not shown. 

FIG. 4 is a sectional view showing the structure of the 
photoelectric conversion device in the third embodiment. 
FIG. 4 shows part of a pixel region 101 including a plurality 
of pixels of the photoelectric conversion device. Part of one 
pixel is illustrated. A charge accumulation region where 
charges in the photoelectric conversion unit 203 for perform 
ing photoelectric conversion are accumulated, and the charge 
holding unit 204 are formed in a silicon semiconductor sub 
strate 201. Further, MOS transistor 205 is also formed in the 
silicon semiconductor Substrate in a region isolated by ele 
ment isolations 202. The MOS transistor 205 is, for example, 
the reset MOS transistor 1204. The MOS transistor 205 
includes a gate electrode 207 and source/drain regions 208. 
The control electrode 206 is arranged on the charge holding 

unit 204. The light-shielding film 209 is formed to have an 
opening above the photoelectric conversion unit 203 and 
cover the charge holding unit 204. An insulating layer 210 is 
arranged to cover the light-shielding film 209, the gate elec 
trode 207, and the diffusion layer including the source/drain 
regions 208. A wiring layer 214 is arranged on the insulating 
layer 210. The light-shielding film contact plug 213 is formed 
as a contact plug for connecting the wiring layer 214 and 
light-shielding film 209. The gate electrode contact plug 212 
and diffusion layer contact plug 211 are formed as contacts 
for connecting the wiring layer 214 and gate electrode 207, 
and connecting the wiring layer 214 and the diffusion layer 
including the source/drain regions 208, respectively. FIG. 4 
does not illustrate an insulating layer, via plug, wiring layer, 
color filter, microlens, and the like which are arranged on the 
wiring layer 214. 
A method of manufacturing a photoelectric conversion 

device having the above structure in the third embodiment 
will be described with reference to FIGS. 5A to SF. 

Referring to FIG.5A, element isolations 202 are formed in 
a semiconductor substrate 201 by a conventional STI or 
LOCOS technique. A photoelectric conversion unit 203, 
charge holding unit 204, peripheral circuit well (not shown), 
and the like are sequentially formed by impurity doping. 
Then, a control electrode 206 for controlling the potential of 
the charge holding unit 204, and a gate electrode 207 of a 
MOS transistor are formed using photolithography and etch 
ing. Source/drain regions 208 of the MOS transistor are 
formed by impurity doping. At this time, the source/drain 
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regions 208 may be formed after forming side walls to 
improve the transistor performance. As for the photoelectric 
conversion unit 203, it is also possible to form the control 
electrode 206 and then dope an impurity into the photoelec 
tric conversion unit 203 in self-alignment using the control 
electrode 206. 
As shown in FIG. 5B, a light-shielding film 209 is formed 

to have an opening corresponding to the photoelectric con 
version unit 203 and shield the charge holding unit 204 from 
light. First, an insulating layer of silicon oxide film, or the 
like, is formed on the control electrode 206. Then, a metal film 
or metal silicide film oftungsten, tungsten silicide, or the like 
is deposited by CVD or sputtering. Then, the deposited film is 
shaped into a desired pattern by photolithography and etch 
ing, thereby forming the light-shielding film 209. 
As shown in FIG. 5C, an insulating layer 210 is formed 

from a silicon oxide film or a boron- orphosphorous-contain 
ing silicon oxide film, and contact holes are formed. First, 
only a gate electrode contact hole 222 and diffusion layer 
contact holes 221 are formed by photolithography and etch 
ing in a region except for the light-shielding film 209 formed 
from the metal film. Accordingly, parts of the gate electrode 
207 and source/drain regions 208 serving as a diffusion layer 
are partially exposed. 

Then, as shown in FIG.5D, a single- or multi-layered metal 
film is deposited by CVD or the like, and an unnecessary 
metal film is removed by CMP or the like, forming a gate 
electrode contact plug 212 and diffusion layer contact plugs 
211. Before forming the contact plugs, an impurity may be 
doped into a desired contact hole to form an impurity region 
(not shown), which can stabilize the contact resistance. After 
forming the contact holes, their insides may be cleaned with 
an acid or alkali Solution Such as hydrofluoric acid or ammo 
nia hydrogen peroxide mixture before forming contact plugs. 

Thereafter, a light-shielding film contact hole 223 is 
formed in the insulating layer by photolithography and etch 
ing (FIG. 5E). A light-shielding film contact plug 213 is 
formed by the same method as that of the gate electrode 
contact plug 212 and diffusion layer contact plugs 211 (FIG. 
5F). Finally, a wiring layer 214 is formed from a metal such as 
aluminum or copper (FIG. 4). 
As described above, the step of forming a contact hole in 

the light-shielding film, and the step of forming contact holes 
in a region except for the light-shielding film are different and 
executed at different timings after forming a metal film (or 
metal silicide film) as a light-shielding film in the pixel 
region. Further, the step of forming contact holes in a region 
except for the light-shielding film and forming contact plugs 
is performed first. The contact holes in a region except for the 
light-shielding film can be filled when forming a contact hole 
on the light-shielding film. This can prevent contamination of 
the photodiode with a metal scattering from the metal film (or 
metal silicide film). The photoelectric conversion device can 
be manufactured without degrading the pixel characteristics. 
When forming contact holes in a region except for the 

light-shielding film, no metal film (or metal silicide film) is 
exposed. Hence, the insides of the contact holes can be 
cleaned with a solution, ensuring a Sufficient contact resis 
tance without damaging the light-shielding film. In the light 
shielding film contact hole through which the light-shielding 
film is exposed, a contact plug can be connected satisfactorily, 
so no impurity need be doped. It is preferable not to clean the 
inside of the light-shielding film contact hole in order to 
Suppress damage to the light-shielding film. 

In the third embodiment, the gate electrode contact hole 
222 and diffusion layer contact holes 221 of the MOS tran 
sistor 205 are formed first. However, the light-shielding film 
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contact hole 223 may be formed first. In this case, the same 
effects as those described above can be obtained by forming 
the light-shielding film contact plug 213 prior to forming the 
gate electrode contact hole 222 and diffusion layer contact 
holes 221. 

Fourth Embodiment 

A method of manufacturing a photoelectric conversion 
device in the fourth embodiment will be explained with ref 
erence to FIGS. 6A and 6B. The method of manufacturing a 
photoelectric conversion device in the fourth embodiment 
concerns a method of manufacturing a photoelectric conver 
sion device having a charge holding unit, similar to the third 
embodiment. The fourth embodiment will describe a manu 
facturing method of forming only a gate electrode contact 
hole 222 and diffusion layer contact holes 221 by etching, and 
then forming a light-shielding film contact hole 223 without 
forming contact plugs. A description of the same structure 
and manufacturing steps as those in the third embodiment will 
not be repeated. 

In the fourth embodiment, steps up to one shown in FIG. 
5C are the same as those in the third embodiment, and a 
description thereof will not be repeated. 
As shown in FIG. 6A, a gate electrode contact hole 222 and 

diffusion layer contact holes 221 are formed, and then a resist 
mask 234 for forming a light-shielding film contact hole 223 
is formed. At this time, the pattern of the resist mask 234 is 
formed to cover the gate electrode contact hole 222 and 
diffusion layer contact holes 221. After forming a light 
shielding film contact hole 223, the resist mask 234 is 
removed. 
A metal film is deposited by CVD or the like, and an 

unnecessary metal film is removed by CMP or the like, form 
ing contact plugs (FIG. 6B). Finally, a wiring layer 214 is 
formed from a metal Such as aluminum or copper (FIG. 4). 
The fourth embodiment can shorten the process because 

contact plugs are formed at once, in addition to the same 
effects as those in the third embodiment. In the fourth 
embodiment, when forming the light-shielding film contact 
hole 223, the gate electrode contact hole 222 and diffusion 
layer contact holes 221 are filled by applying a mask material 
Such as a resist mask. This can prevent contamination of the 
photodiode with a metal from the light-shielding film. Thus, 
a dark current and point defects can be reduced. 

In the fourth embodiment, the gate electrode contact hole 
222 and diffusion layer contact holes 221 of a MOS transistor 
205 are formed first. Instead, the light-shielding film contact 
hole 223 may be formed first. In this case, the same effects as 
those described above can be attained by filling the light 
shielding film contact hole 223 with the resist mask 234 prior 
to forming the gate electrode contact hole 222 and diffusion 
layer contact holes 221. 

In the third and fourth embodiments, the gate electrode 
contact hole 222 and diffusion layer contact holes 221 are 
formed in addition to the light-shielding film contact hole 
223. However, the present invention is not limited to this and 
is also applicable to a case in which a contact hole is formed 
on a metal film (or metal silicide film), in addition to the 
light-shielding film contact hole 223. 

Fifth Embodiment 

A method of manufacturing a photoelectric conversion 
device in the fifth embodiment will be explained with refer 
ence to FIGS. 7A to 7D. The fifth embodiment is directed to 
a method of manufacturing a CMOS photoelectric conversion 
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device, similar to the first and second embodiments. In the 
manufacturing method of the fifth embodiment, a high melt 
ing point metal compound layer is arranged even in the pixel 
region. 
As shown in FIG. 7A, the photoelectric conversion device 

includes, in a semiconductor Substrate 301 in a pixel region 
101, a photoelectric conversion unit 303 which performs 
photoelectric conversion, and a floating diffusion 306. The 
photoelectric conversion device further includes a gate elec 
trode 304 of a transfer MOS transistor which transfers 
charges from the photoelectric conversion unit 303 to the 
floating diffusion 306, element isolations 302, and a MOS 
transistor 313 arranged in a region isolated by the element 
isolations. The MOS transistor 313 includes a gate electrode 
305 and source/drain regions 307. The MOS transistor 313 is 
one which builds the pixel of a CMOS photoelectric conver 
sion device, such as a reset MOS transistor for resetting the 
potential of the floating diffusion 306. 
The structure in FIG. 7A is fabricated by a general semi 

conductor process, similar to the first to fourth embodiments. 
More specifically, element isolations 302 are formed in a 
silicon semiconductor substrate 301 by STI or LOCOS. A 
photoelectric conversion unit 303, well (not shown) in the 
peripheral circuit region, and the like are sequentially formed 
by impurity doping. Then, the gate electrodes of MOS tran 
sistors are formed in the pixel region and peripheral circuit 
region. In FIG. 7A, gate electrodes 304 and 305 are formed. 
The gate electrode is formed by depositing a polysilicon film 
and patterning it using photolithography and etching. There 
after, the source/drain regions of the MOS transistor are 
formed by impurity doping. In FIG. 7A, source/drain regions 
307 are formed. At this time, a MOS transistor having the 
LDD structure may be formed to improve the MOS transistor 
performance. More specifically, the source/drain regions 307 
may be formed after forming side walls. Also, after forming 
the gate electrode 304, the photoelectric conversion unit 303 
can be formed by doping an impurity in self-alignment using 
the gate electrode 304. 

In FIG. 7A, a high melting point metal silicide layer 308 is 
formed on the gate electrodes 304 and 305. When forming the 
silicide layer, first, a semiconductor compoundblocking layer 
(not shown) for a high melting point metal is formed from a 
semiconductor compound Such as a silicon nitride film, sili 
con oxide film, or silicon oxynitride film. The semiconductor 
compound blocking layer is left only in a desired region, for 
example, on the diffusion layer, and is selectively removed 
from the remaining region. Then, a multilayered film of a high 
melting point metal film of cobalt and an antioxidant film of 
the high melting point metal of titanium nitride is deposited 
by CVD, sputtering, or the like. The multilayered film is 
annealed to cause silicon, which forms the gate electrode of 
the transistor, to react with the high melting point metal 
(silicidation), thereby forming a silicide layer. The multilay 
ered film containing an unreacted high melting point metal is 
removed, obtaining the structure in FIG. 7A. 

Examples of the semiconductor compound of the high 
melting point metal are titanium silicide, nickel silicide, 
cobalt silicide, tungsten silicide, molybdenum silicide, tanta 
lum silicide, chrome silicide, palladium silicide, and plati 
num silicide. Other materials of the antioxidant film for the 
high melting point metal are nickel and titanium. 
As shown in FIG. 7B, an insulating layer 309 serving as an 

interlayer dielectric film is formed from a silicon oxide film or 
a boron- or phosphorous-containing silicon oxide film. 
Thereafter, contacts are formed. First, only contact holes for 
contact (diffusion layer contact) plugs 310 to be connected to 
diffusion layers other than the gate electrode having the high 
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melting point metal silicide layer are formed by etching. 
Then, a metal film is deposited by CVD or the like, and an 
unnecessary metal film is removed by CMP or the like, form 
ing contact plugs 310 on the diffusion layers. The metal film 
may be a single- or multi-layered film. Before forming the 
contact plugs 310, an impurity may be doped into a desired 
contact hole to form an impurity region, which can stabilize 
the contact resistance. After forming the contact holes, their 
bottoms may be cleaned with an acid oralkali solution Such as 
hydrofluoric acid or ammonia hydrogen peroxide mixture 
before forming contact plugs. 

After that, a contact (gate electrode contact) plug 311 is 
formed on the gate electrode having the high melting point 
metal silicide layer. A contact hole is formed by the same 
method as that of the diffusion layer contact plugs 310, and a 
contact plug is formed, obtaining the structure in FIG. 7C. 

Finally, a wiring layer 312 is formed from a metal such as 
aluminum or copper, forming the structure in FIG. 7D. Fur 
ther, a wiring layer, insulating layer, and via plug are formed. 
Arbitrary elements such as a color filter and microlens are 
formed, completing a photoelectric conversion device. 

In the manufacturing method of the fifth embodiment, con 
tamination of the photoelectric conversion unit with a high 
melting point metal from the high melting point metal com 
pound layer can be prevented in the photoelectric conversion 
device having the high melting point metal compound layer, 
similar to the first and second embodiments. A dark current 
and point defects can therefore be reduced. 

Note that the high melting point metal silicide layer 308 
can beformed on the gate electrode not only by the foregoing 
manufacturing method, but also by depositing a high melting 
point metal silicide layer, for example, a tungsten silicide 
layer by sputtering or the like Subsequently to deposition of a 
polysilicon film serving as a gate electrode, and then pattern 
ing the deposited film using photolithography and etching. 
As described above, the present invention relates to a 

method of manufacturing a structure having a member Such 
as a high melting point metal compound layer (silicide layer) 
or light-shielding film, that is, a member which may generate 
a leakage current if it contaminates a diffusion layer. A con 
tact hole through which a diffusion layer is exposed at a 
portion having no member Such as a high melting point metal 
compound layer or light-shielding film, and a contact hole 
through which a high melting point metal compound layer or 
light-shielding film is exposed at a portion having a member 
Such as a high melting point metal compound layer or light 
shielding film are formed in different steps. After forming a 
contact plug in the contact hole formed first, a contact hole to 
be formed later is formed. This can reduce contamination 
with a metal from the high melting point metal compound 
layer or light-shielding film. The first to fifth embodiments 
have exemplified the high melting point metal compound 
layer and light-shielding film. However, the present invention 
is not limited to them and is applicable to a structure having a 
member which may generate a leakage current if it contami 
nates in a diffusion layer. 
The first to fifth embodiments can be appropriately com 

bined. The first to fifth embodiments have described a CMOS 
photoelectric conversion device, but the type of photoelectric 
conversion device is not limited to this. 

While the present invention has been described with refer 
ence to exemplary embodiments, it is to be understood that 
the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 
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This application claims the benefit of Japanese Patent 
Application Nos. 2009-152873, 2009-152875, both filed on 
Jun. 26, 2009 and 2010-115746, filed May 19, 2010, which 
are hereby incorporated by reference herein in their entirety. 

What is claimed is: 
1. A method of manufacturing a photoelectric conversion 

device, the method comprising: 
a providing step of providing a substrate including a pixel 

region and a peripheral circuit region, wherein a diffu 
sion layer is arranged in the pixel region, a member 
containing metal is arranged in at least one of the pixel 
region and the peripheral circuit region, and the diffu 
sion layer and the member are covered with an insulating 
layer; 

a first step that includes forming a first contact hole in the 
insulating layer to expose the diffusion layer; 

a second step that includes forming a second contact hole in 
the insulating layer to expose the member, and 

a doping step of doping an impurity into the diffusion layer 
via the first contact hole, 

wherein the method satisfies one of conditions (1) and (2): 
(1) the second step is performed in a state where the first 

contact hole is filled; and 
(2) the first step is performed after the second step. 
2. The method according to claim 1, wherein, in the con 

dition (1), the doping step is performed before the second 
step, and, in the condition (2), the doping step is performed in 
a state where the second contact hole is filled. 

3. The method according to claim 1, further comprising a 
third step that includes forming a first contact plug in the first 
contact hole to connect with the diffusion layer, and forming 
a second contact plug in the second contact hole to connect 
with the member after both of the first and second steps. 

4. The method according to claim 1, wherein, in the con 
dition (1), the first contact hole is filled with metal, and, in the 
condition (2), the first step is executed in a state where the 
second contact hole is filled with metal. 

5. The method according to claim 1, wherein, in the con 
dition (1), the first contact hole is filled with photoresist, and, 
in the condition (2), the first step is performed in a state where 
the second contact hole is filled with photoresist. 

6. The method according to claim 1, wherein the method 
satisfies the condition (1). 

7. The method according to claim 1, further comprising a 
cleaning step of cleaning an inside of the first contact hole 
with an acid solution or an alkali solution. 

8. The method according to claim 7, wherein the cleaning 
step is performed after the doping step. 

9. The method according to claim 1, wherein the member is 
made of at least one silicide selected from a group consisting 
of titanium silicide, nickel silicide, cobalt silicide, tungsten 
silicide, molybdenum silicide, tantalum silicide, chrome sili 
cide, palladium silicide, and platinum silicide. 

10. The method according to claim 1, wherein a first MOS 
transistor is arranged in the pixel region, the diffusion layer 
forms part of the first MOS transistor, a second MOS transis 
tor is arranged in the peripheral circuit region, and the mem 
ber is disposed on at least one of a gate electrode and a 
diffusion layer of the second MOS transistor. 

11. The method according to claim 1, wherein, in the pro 
viding step, an insulating film layer is arranged between the 
diffusion layer and the insulating layer, and the insulating film 
layer does not extend between the member and the insulating 
layer. 
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12. A method of manufacturing a photoelectric conversion 

device, the method comprising: 
a providing step of providing a Substrate including a pixel 

region and a peripheral circuit region, wherein a diffu 
sion layer is arranged in the pixel region, a member 
containing metal is arranged in at least one of the pixel 
region and the peripheral circuit region, and the diffu 
sion layer and the member are covered with an insulating 
layer; 

a first step that includes forming a first contact hole in the 
insulating layer to expose the diffusion layer and form 
ing a first contact plugin the first contact hole to connect 
with the diffusion layer; and 

a second step that includes forming a second contact hole in 
the insulating layer to expose the member and forming a 
second contact plug in the second contact hole to con 
nect with the member, 

wherein the first step and the second step are performed at 
different times. 

13. The method according to claim 12, wherein the second 
step is performed after the first step. 

14. The method according to claim 12, wherein the first 
step includes at least one of doping an impurity into the 
diffusion layer via the first contact hole, and cleaning an 
inside of the first contact hole with an acid solution or an 
alkali solution. 

15. The method according to claim 12, wherein the mem 
ber is made of at least one silicide selected from a group 
consisting of titanium silicide, nickel silicide, cobalt silicide, 
tungsten silicide, molybdenum silicide, tantalum silicide, 
chrome silicide, palladium silicide, and platinum silicide. 

16. The method according to claim 12, wherein a first MOS 
transistor is arranged in the pixel region, the diffusion layer 
forms part of the first MOS transistor, a second MOS transis 
tor is arranged in the peripheral circuit region, and the mem 
ber is disposed on at least one of a gate electrode and a 
diffusion layer of the second MOS transistor. 

17. The method according to claim 12, wherein, in the 
providing step, an insulating film layer is arranged between 
the diffusion layer and the insulating layer, and the insulating 
film layer does not extend between the member and the insu 
lating layer. 

18. A method of manufacturing a semiconductor device, 
the method comprising: 

a providing step of providing a Substrate having a diffusion 
layer and a member that contains metal, the diffusion 
layer and the member being covered with an insulating 
layer; 

a first step that includes forming a first contact hole in the 
insulating layer to expose the diffusion layer; 

a second step that includes forming a second contact hole in 
the insulating layer to expose the member; and 

a doping step of doping an impurity into the diffusion layer 
via the first contact hole, 

wherein the method satisfies one of conditions (1) and (2): 
(1) the second step is performed in a state where the first 

contact hole is filled; and 
(2) the first step is performed after the second step. 
19. The method according to claim 18, further comprising 

a third step that includes forming a first contact plug in the 
first contact hole to connect with the diffusion layer, and 
forming a second contact plug in the second contact hole to 
connect with the member, after both of the first and second 
steps. 
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20. A method of manufacturing a semiconductor device, 
the method comprising: 

a providing step of providing a Substrate having a diffusion 
layer and a member that contains metal, the diffusion 
layer and the member being covered with an insulating 
layer; 

a first step that includes forming a first contact hole in the 
insulating layer to expose the diffusion layer, and form 
ing a first contact plugin the first contact hole to connect 
with the diffusion layer; and 

a second step that includes forming a second contact hole in 
the insulating layer to expose the member, and forming 
a second contact plug in the second contact hole to 
connect with the member, 

wherein the first step and the second step are performed at 
different times. 

21. The method according to claim 20, wherein the first 
step includes at least one of doping an impurity into the 
diffusion layer via the first contact hole, and cleaning an 
inside of the first contact hole with an acid solution or an 
alkali solution, wherein the second step is performed after the 
first step. 

22. A method of manufacturing a photoelectric conversion 
device, the method comprising: 

a providing step of providing a substrate including a pixel 
region and a peripheral circuit region, wherein a diffu 
sion layer is arranged in the pixel region, a member 
containing metal is arranged in at least one of the pixel 
region and the peripheral circuit region, and the diffu 
sion layer and the member are covered with an insulating 
layer; 

a first step that includes forming a first contact hole in the 
insulating layer to expose the diffusion layer, and doping 
an impurity into the diffusion layer via the first contact 
hole; 
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a second step that includes forming a second contact hole in 

the insulating layer to expose the member; and 
a third step that includes forming a first contact plug in the 

first contact hole to connect with the diffusion layer, and 
forming a second contact plug in the second contact hole 
to connect with the member after both of the first and 
second steps, 

wherein the method satisfies one of conditions (1) and (2): 
(1) the second step is performed in a state where the first 

contact hole is covered with photoresist; and 
(2) the first step is performed in a state where the second 

contact hole is covered with photoresist. 
23. The method according to claim 22, further comprising 

a cleaning step of cleaning an inside of the first contact hole 
with an acid solution or an alkali solution after the first step. 

24. The method according to claim 22, wherein the method 
satisfies the condition (1). 

25. The method according to claim 22, wherein the mem 
ber is made of at least one silicide selected from a group 
consisting of titanium silicide, nickel silicide, cobalt silicide, 
tungsten silicide, molybdenum silicide, tantalum silicide, 
chrome silicide, palladium silicide, and platinum silicide. 

26. The method according to claim 22, wherein a first MOS 
transistor is arranged in the pixel region, the diffusion layer 
forms part of the first MOS transistor, a second MOS transis 
tor is arranged in the peripheral circuit region, and the mem 
ber is disposed on at least one of a gate electrode and a 
diffusion layer of the second MOS transistor. 

27. The method according to claim 22, wherein, in the 
providing step, an insulating film layer is arranged between 
the diffusion layer and the insulating layer, and the insulating 
film layer does not extend between the member and the insu 
lating layer. 


